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that of the particles of liquid water with’ which it is 
in contact, (the warmer particles of this Fluid, in 
confequence of their greater fpecific gravity, taking 
their places below,) the communication of Heat 
between the’ water and the ice is neceffarily very 
flow on that account. 

As foon hs the upper furface of the ice is covered 
with fnow,! (which commonly happens foon after 
the ice is “ymed) this is an additional and very 
powerful obi&\cle to prevent the efcape of the Heat 
out of the water; and though the moft intenfe 
cold may reign in the atmofphere, the increafe of 
the thicknefs of the ice will be very flow. 

During this time, the mafs of water which re- 
mains unfrozen will lofe xo part of its Heat ; on 
the contrary, it will continually be receiving Heat 
from the ground. This Heat, which is accumu- 
lated in the earth during the fummer, will not only 
ferve, in fome meafure, to replace that which is 
communicated to the atmofpliere through the ice, 
and prevent its being furnifhed at the expence o 
the latent Heat of the water in contaé& with its 
furface, but when the temperature of the air is not 
much below that of freezing, this fupply of Heat 
from below will be quite fufficient to replace that 
which the air carries off; and the thicknefs of the 
ice will not increafe. 

Whenever the temperature of the air is not 
a€tually colder than freezing water, the Heat which 
rifes from the bottom of the lake will be all em- 
ployed in melting the ice at its under furface, and 
diminifhing its thicknefs. 
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‘It willindeed frequently happen, when the ice is 
‘yery thick, and efpecially when its upper furface is 
¢overed with deep fnow, that the meliing of the 
ice at its under furface will be going on, when the 
temperature of the atmofphere is confiderably be- 
low the freezing point. 

As the particles of water which, récisiving Heat 
from the ground at the bottom of the lase, acquire 
a higher temperature than that of 40°;and being 
expanded, and becoming fpecifically #ghter by this 
additional Heat, rife up to the upper furface of the 
fluid water, and give off their fenfible Heat to the 
under furface of the ice, never return to the 
bottom, this communication of the Heat which 
exhales from the earth produces very little motion 
in the mafs of the water ; and this circumfiance is, 
no doubt, very favourable to the prefervation of the 
Heat of the water. 

* When a ftrong wind prevails, and the furface of 
the. water is much agitated, ice is not formed, 
even though the whole mafs of water fhould, by a 
Jong continuance of cold weather, have been pre- 
vioufly cooled down to that point to which it is 
neceffary that it fttould be brought, in order that 
its internal motions may ceafe, and it may be dif- 
pofed to congeal; for though the particles at and 
near the furface may no longer have any tendency 
to defcend, on being farther cooled, yet, as they 
have fo confiderable a quantity of fenfible Heat 
(eight or ten degrees) to difpofe of, after their 
condenfation with cold ceales, and as the agitation 
into” which the water is thrown by the wind does 

not 


not permit any partiele to remain long enough in 
contaét with the cold air to give off all its Heat at 
once, there is a continual fucceffion of frefh parti- 
cles at the furface, all of which give off Heat 
to the air; but none of them have time to be 
cooled fufficiently to be difpofed to form ice. . The 
water will fofe a vaft quantity of Heat, and as foon 
as the win'l ceafes, if the cold fhould continue, ice 
will be foxned very rapidly. ; , 

But it is‘wot merely the agitation of the water 
which render\the communication of the Heat very 
rapid, the agifation of the wind alfo tends to proa 
duce the fame-Pffect. 

On the return of fpring, the fnow melting bes 
fore the fun as he advances. and his rays become 
more powerful, all the Heat which the earth 
exhales is employed in diffolving the ice at its 
under furface, while the fun on the other fide 
ads ftill more powerfully to produce the fame 
effect. 

Though ice is tranfparent, yet it is not perfeélly 
fo; and as the light which is ftopped in its paffage 
through it cannot fail to generate Heat when and 
subere it is {topped, or abforbed, it is by no means 
furprifing that fhow fhould be found to melt when 
expofed in the fun’s rays, even when the temperas 
ture of the air in the fhade is confiderably below 
the point of freezing. Snow expofed to the fun 
melts long before the even furface of ice begins to 
be fenfibly foftenad by its beams, and it is not till 
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fome time after all the hills are bare that the ice 
on the lakes and rivers breaks up. 
2'The tays which penetrate a bank of fhow being 
Often reflected and refraéted, defcend deep into it, 
and the Heat is depofited in a place where it is not 
expofed to be carried off by the cold air of the at- 
mofphere ; but the rays which fall upei the hori- 
zontal and {mooth furface of ice, sro re- 
fle€ted upwards into the atmofphere ; and if any 
part of them are ftopped at the ioe the ice, 
the Heat generated by them therd is inftantane- 
oufly carried off by the cold air, and a particle of 
water is no fooner made fluid than it is again 
frozen. 

Hence we fee that the fnow which in cold 
countries Covers the ice that is formed on the fur- 
face of frefh water, not only prevents the Heat of 
the. water from being carried off by the air, during 
the winter, but alfo affifts very powerfully in thaw- 
ing the ice early in the fpring. 

Should the waters of a lake be fo deep, or fo 
imperfectly tran{parent as to intercept a great pro- 
portion of rays of the fun before they reach the 
bottom, in that cafe, the temperature of the water 
at the bottom of the lake will be nearly the fame all 
she year round ; and in countries where there is any 
froft in winter, and particularly in thofe lakes 
which lie near high mountains, and are fed by 
torrents which proceed from Glaciers, and melting 
faow, this content temperature at the bottom can 
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never be much above or below 41° F. ‘whatever 
may be thp heat to which the furface of the lake 
Ye expofed in fummer, or however long -and ine 
tenfely hot! the fummer may be 

Let us \now fee what the confequences would. 
have been, frad the condenfation of water with cold 
followed the law which obtains in regard to all 
other Fiiids. ; é 

“As the ifernal motion of the water could not 
have failed to fontinue as long as its {pecific gravity 
continued to bf increafed by parting with Heat, 
ice would noi have begun to be formed till the 
whole mafs of! water had arrived at the tempera- 
ture of 32° of. Fahrenheit’s thermometer. 


To 


* Ina letter from Profeffor PrcT er of Geneva to the Author, of 
the 7th July 1797, accompanying the 36th number of the BsBL10~ 
THEQUE BriTaNnniQue,(in which an account, or rather tranflation, 
of the firtt Edition of this Effay is publifhed in the French language) 
there is the following paragraph. 
“© Ttook the liberty to throw in, as ufual,” (in the tranflation) 
« fome occafional notes ; one of which wiil, I hope, delerve your ate 
“tention, It points out the near coincidence of the mean tempera. 
« ture of the bottom, obferved in ten different lakes, by M, de Sauffure 
«and mytelf, viz. 44°R."—(equal to 414° F.) with the tempera~ 
« ture where the mizimum of voluinc, or maximum of denfity of water 
“takes place. We vainly ftrove to this day to explain the upie 
* formity we obferved in that particular in feveral lakes very differ 
« ently fituated, in many refpeéts, but your refleétions fem tome 
« fully to refolve the problem.” . 
‘The following is the note in the Biblicbigue Britennigue, alluded to 
by Profeffor Prerer, in the foregoing paragraph of his letter. 
“Ce nett pas Seulement dans le lac de Gendve que M. deSauffure, 
“ notre favant ami, a fait les expériences curieules qui font ici rap= 
«* peliges, et & quelques-uaes des quelles nous avons ew le plaifir 
« daffitier s il les a répécées dans la Méditerranée, et dans dix 
“lacs qui bordent de part et d’sutre la chaine des Alpes. Nous 
x3 “ tirons 
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2+To fee what an enormous quantity of Heat would 
be Joft when the water is deep in confdquence of 
its whole mafs being cooled in this manner, w< 
have only to compute how much ice .this Heat 
would melt, or how much water it would heat 
from the point of freezing to that of B° 

It has been fhown by experiment, that-any given 
quantity of ice requires as much Heat to-fnelt it as 
an equal quantity of fluid water lofgy“in cooling 





“tirons de fon grand ouvrage fur les montagrgg les températures 
« obfervées au fondde ces lacs comme Suit ; 


Prot ‘e.npé-atn du fond 

Memda das, gg ata. THM 
# Lac de Gentve - 950 = hed 

ecdeNeuchatel == 325, = get 

“deBienne - - 217 - “S5 

# da Bourget - 24000 = as 

* d Annecy - 16300 45, 

fdeThun - - 350 - 40 

“ de Brientz - goo = 38 

« de Lucerne E Goo = 39 

«* de Conftance = 370 = 3h 
« Lac Majeur ee es ee | 


4 Température moyenne du fond de dix lacs 4-34, ou 44°R,” 


«© I] n’eft peutétre aucun de nos leéteurs qui, plein des idées que 
# notre auteur vient de difeutcr, ne foit frappé dela coincidence envre 
« cette température du fond des lacs dans nos latitudes moyennes et 
«© celle & laquelle l'eav atteint fon minimum de volume ou maximum de 
% denfiié! La permanence de cette température, et fon identité dang 
«des lacs d’ailleurs t2s-diverfement fiiués, paroiffent intimément 
“liges avec cette circonftance dv misimem de volume. Mais ce 
4 pelt pas ici le liew de donner cours aux idées que peut fuggerer gp 
& eapprochement ; nous I"indiquons & 'auteur comme un objet digne 
“ de fee inéditations.” 

‘The Avthor of this Effay feels himfelf very much obliged to his 
ingenious and refpe€table friend, Profeffor Pict 2, for thefe inte- 
refting obfervations. 
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140 degrees; confequently the quantity of ice 
which might be melted by the Heat given off by 
~any genni of water in cooling any given 
number of degrees, is to the given quantity of 
water, as fhe number of degrees which it is cooled, 
to 140 dejirees. 

Hence it follows that when the temperature of 
the watenis 8 degrees above the freezing point, it 
gives off in.cooling down to that temperature as 
much Heat dy would-melt ;*; or + of its weight 
of ice; the wifer, therefore, which is cooled from 
the temperatufe of 40° to that of 32°, if it be 35 
feet.deep, will’ give off as much Heat in being fo 
cooled as would melt a covering of ice 2 feet 
thick. 

But this even is not all; for as the particles of 
water on being cooled at the furface would, in con- 
feqnence/ of the increafe of their fpecific gravity 
on parting with a portion of their Heat, immedi- 
ately defcend to the bottom, the greateft part of 
the Heat accumulated during the fummer in ihe 
earth on which the water repofes would be carried 
off and loft, before the water began to freeze; and 
when ice was once formed, its thicknefs would 
increafe with great rapidity, and would continue 
increafing during the whole winter ; and it feems 
very probable that, in climates which are now tem- 
perate, the water in the large lakes would be frozen 
to fuch a depth in the courfe of a fevere.winter 
that the Heat of the enfuing fummer would not be 
fufficient to thaw them; and fhould this once hap- 
pen, the following winter could hardly fail te 
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change the whole mafs of its waters to one folid 
body of ice, which never more could eg its 
liquid form, but muft remain immovaf'le till the 
end of time. oe 

In the month of February, after a jroft which 
had lafted a month, the temperature of yie air being 
38°, M. pe Saussure found the temberature of 
the water of the Lake of Geneva, at the friface, at 
41°,—and at the depth of 1000 feet, at 40° 
Had the froft continued but a litt longer, ice 
would have been formed; but ha the conftitu- 
tion of. water been fuch that the, shole mafs of 
that Fhaid in the Lake muft have betn cooled down 
to the temperature of 32° before yce could have 
been formed, this event could not hive happened 
till the water had given off as much Heat as would 
be fufficient to melt a covering of ice above 57 feet 
thick !— \ 

“This quantity of Heat would be fufficient to heat, 

to the point of boiling, a quantity of ice-cold water 
as large as the Lake, and-49 feet deep. 
- We cannot fufficiently admire the fimplicity of 
the contrivance by which all this Heat is faved. It 
well deferves to be compared with that by which 
the feafons are produced ; and I muft think that 
every candid enquirer, who will begin by divefting 
himlelf of all unreafonable prejudiccs, will agree 
with me in attributing them both to THE samz 
AUTHOR. 

When we trace ftill farther the aftonifhing effets 
which are produced in the world by the operations 
of that:fimple law which has been found to obtain 
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in the condénfation of water on its being deprived 
of Heat, we fhall find. more and more reafgn to 
dmire thd wifdom of the contrivance. 

‘That High latitudes might be habitable, it was 
neciflary that vegetables fhould be protected from 
the dfedtshof the chilling frofts of a long and 
fevere Winter : but if it be true that watery liquids 
do not part with their Heat but in confequence: of 
their internal motions; and if thefe motions are 
occafioned Tr rely by the change produced in the 
fpecific gravit\}of thofe particles of the liquid which 
receive Heat, ‘pr which part with it, who does not 
fce how very}powerfully the fudden diminution 
and final ceflafion of the condenfation of water im 
cooling, as fobn as its temperature approaches to 
joint, Operates to prevent the fap in 
vegetables from being frozen? 

But if/for the purpofes of life and vegetation, 
it be neceflary that the ground, the rivers, the 
lakes, and the trees be defended from the cold 
winds from the poles, it may be afked how this 
innundation of cold air is to be warmed?—I ane 
iwer by the waters of the ocean, which there is 
the greateft reafon to think were not only defigned 
principally for that ufe, but particularly prepared 
for it. 

Sea water contains a large proportion of. falt 
in folution ; and we have feen that the condenfation 
of a faline folution, on its being cooled, follows a 
law which is extremely different from that obferved 
in regard to pure water ; and which (as may eafilp 
be fhown) renders it peculiarly well adapted for 
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communicating Heat to the cold winds which blow 
over its furface. 

As fea water continues to be conddhfed as it 
goes on to cool, even after it has paffed’ the paint 
at which frefh water freezes, the partifles at/the 
furface, inftead of remaining there alfa’ thes mafs 
of the water had been cooled to about 40°, afd pre- 
venting the other warmer particles below frém com- 
ing in their turns and giving off thzir Heat to the cold 
air, (as we have feen always happens when frefh or 
pure water is fo cooled,) thefe cooj:d particles of 
falt water defcend as foon as they hy’e parted with 
their Heat, and in moving downwérd force other 
warmer particles to move upwards} and in con- 
fequence of this continual fucceffion bf warm par- 
ticles which come to the furface of the fea, a valt 
deal of Heat is communicated to the air-—incom- 
parably more than could poffibly be comniunicated 
to it by an equal quantity of frefh water at the 
fame temperature, as will appear by the following 
computation. z 
+ Without taking into the account that very great 
advantage which fea water poffeffes over frefh 
water, confidered as an equalizer of the tempera- 
ture of the atmofphere, which arifes from the com- 
parative lowne/s of the point of its congclation ; ~fup- 
pofing even fea water to freeze at as high a tem- 
perature as frefh water, namely, at 3<°; and fup- 
pofing (what is ftrictly true) that as foon as either 
fea‘ water or freth water is frozen at its furface, 
and this ice covered with fnow, the communica- 
tion of Heat from the water to the atmofphere 

ceafes 
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ceafes almoft entirely ;—we will endeavour to de- 
termine haw much more Heat would, even on this 
\ppofitior, be communicated. to the air by falt 
water than) by frefh water, after both have ances 
temperature of 40°. 

When fitth water, in cooling, has arrived at his 
temperature, it ceafes to be farther condenfed with: 
cold, andNits internal motions (which, as we have 
already more than once obferved, are caufed folely 
by the Se rt in the fpecific gravity of its 






particles) ceafqfpf courfe, and ice immediately begins 
to be formed aft its furface ; but as the condenfation 
of falt water goes on as its Heat goes on to be di- 
minifhed, its finternal motions will continue; and 
it is evidently impoffible for ice to be formed at 
its furface sl the whole mafs of the water has be- 
come iceold, or till its temperature is brought 
down to°32°. It would therefore give off a quan- 
tity of Heat equal to 8 degrees, at leaft, of Fahren- 
heit’s thermometer; more than the frefb water would 
part with before ice could be formed on its fur- 
face. 

To be able to form an idea of this enormous 
quantity of Heat, we have only to recollect what 
has already been faid, and we shall find reafon to 
conclude that it would be fufficient to melt a cover+ 
ing of ice equal in thicknefs to ,% of the depth of 
the fea.—It would therefore be fufficient in that 
part of the North Sea (lat. 67°) where Lord Mul 
grave founded at the depth of 4680 feet, to melt a 
cake of ice 265 feet thick ! 
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But the Heat evolved in the formation of each 
{uperficial foot of ice would be fufficient {0 raife the , 
temperature of a ftratum of incumbent! air 2224 
times as thick as the ice, (confequently|in the gffe 
in queltion 265x2220 feet, or 869 myles thick,) 
28 degrees, or from the temperature4f fréezing 
water, to that of 50° of Fahrenheit’s therm>meter, 
or to the mean annual temperature of the“horthern 
parts of Germany! _ . 

’ The Heat given off to the air by gach fuperficial 
foot of water in cooling one degreé*is {ufficient to 
heat an incumbent ftratum of air 44cimes as thick 
as the depth of the water, 10 degrées. Hence we 
fee how very powerfully the water\ of the ocean, 
which is never frozen over, excepttin very high 
latitudes, muft contribute to warm Whe cold air 
which flows in from the polar regions. 

But the ocean is not more ufeful in mbderating 
the extreme cold of the polar regions, than it is in 
tempering the exceflive heats of the torrid zone ;— 
and what is very remarkable, the fitnefs of the fea 
water to ferve this laft important purpofe is owing 
to the very fame caufe which renders it fo pecu- 
liarly well adapted for communicating Heat to the 
cold atmofphere in high latitudes, namely, to the 
Salt which it holds in folution. 

+ As the condenfation of falt water with cold con- 
finues to go on even long after it bias been cooled to 
the temperature at which freth water freezes, thofe 
pasticles at the furface which are cooled by an im- 
mediate contact with the cold winds muft defcend, 
and 
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and take their places at the bottom of the fea, 
where they muft remain, till, by acquiring an ad- 

- ditional qijantity of Heat, their fpecific gravity*is 
dyain dimigithed. But this Heat they never can re 
gain in th} polar regions ; for innumerable experi- 
ment have\ proved, beyond all poflibility of doubt, 
that there is‘ho principle of Heat in the interior parts 
of the givbe, which, by exhaling through the bottom 
of the ocean, could counmunicate Heat to the water 
which refts upon it. 

It has beers found that the temperature of the 
earth at great{depth under the furface is different 
in different laijtudes, and there is no doubt but 
this is alfo thejcafe with refpect to the temperature 
at the bottom jf the fea, in as far as it is not influ- 
enced by thegturrents which flow over it; and this 
proves to ademontftration that the Heat which we 
find to exft, without any fenfible change during 
fummer and winter, at great depths, is owing to 
the action of the fun, and not to central fires, as 
fome have too haftily concluded. . 

But if the water of the ocean, which, on being 
ceprived of a great part of its Heat by cold winds, 
defcends to the bottom of the fea, cannot be 
warmed where it defcends, as its fpecific gravity is 
greater than that of water at the fame depth in. 
warmer latitudes, it will immediately begin to 
fpread on the bottom of the fea, and to flow to- 
wards the equator, and this muft neceffarily pro- 
duce a current at the furface in an oppofite direc- 
tion; and there are the moft indubitable proofs of 
the exiftence of both thefe currents, 
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. The proof .of the exiftence of one of thent 
sWould indeed have been quite fufficient to have 
proved the exiftence of both, for on¢ of them.’ 
could not poflibly exift without the (ther; but 
there are feveral dire€t proofs of the sae of 
each of them. 

‘What has been called the guiph ft ie the 
Atlantic Ocean, is no other than one of thffe cur- 
rents, that at the furface, which moverfrom the 
equator towards the north pole, modified by the 
trade winds and by the form of the continent of 
North America; and the progreffi of the lower 
current may be confidered as provedfilireétly by the 
cold which has been found to exi¢ in the fea at 
great depths in warm latitudes ;—a fesre of tem- 
perature much below the mean annual temperature 
of the earth in the latitudes where¥t has been 
found, and which of courfe muft have bken hrovght 
from colder latitudes. 

’ The mean annual temperature in the latitude of 
67° has been determined by Mr. Kirwan, in his 
excellent treatife on the temperature of different 
latitudes, to be 39°; but Lord Mulgrave found on 
the 2oth of June, when the temperature of 
the air was 48}°, that the temperature of the 
fea at the depth of 4680 feet was 6 degrees 
below freezing, or 26° of Fahrenbeit’s therny- 
meter. 

On the 31ft of Augutft, in tlte latitude of 69°, 
where the annual temperature is about 38°, the 
temperature of the fea at the depth of 4038 feet 
was 32°; the temperature of the atmofphere (and 

probably 
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probably that of the water at the furface of the fea) 
being at the fame time at 593°. 

But a ftifl more ftriking, and I might, I believe, 
fay an indontrovertible proof of the exiftence of 
curents of eld water at the bottom of the fea, 
fetting fro. the poles towards the equator, is the 
very remarkable difference that has been found 
to fubfilt between the temperature of the fea at 
the furface and at great depth, at the tropic,— 
though the temperature of the atmofphere there is 
fo conftant that the greateft changes produced in 
it by the feafor{s feidom amounts to more than five 
or fix degrees ; yet the difference between the Heat 
of the water 4 the furface of the fea, and that at 
the depth of 3boo fect, has been found to amount 
to no lefs thagt 31 degrees; the temperature above 
or at the fi Feces being Se , and at the given depth 
below no fare than 53° 

It appears to me to be extremely difficult, if not 
quite impoffible, to account for this degree of cold 
at the bottom of the fea in the torrid zone, on any. 
other fuppofition than that of cold currents fro. 
the poles ; and the utility of thefe currents in tem~ 
pering the exceflive heats of thofe climates is too 
evident to require any illuftration. 

Thefe currents are produced, as we have already 
feen, in confequence of the difference in the {peci. 
fic gravity of the, fea water at different tempera- 
tures; their velocities muft therefore be in pro-, 
portion to the change produced in the fpecific gra 
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vity of water by any given charge of temperature ; 
and hence we fee how much greater they muft be 
in falt water than they could poffibly hav¢ been had 
the ocean been compofed of frefh water! 

It is not a little remarkable that th wate of 
all great lakes is frefh, and nearly fo if all jiland 
feas (like the Baltic) in cold climates, and,“which 
communicate with the ocean by narrow channels. 
We fhall find reafon to conclude that this did not 
happen without defign, when we confider what 
confequences would probably enfy'e fhould the 
waters of a large lake in an inland ‘Stuation, in a 
cold country, (fuch as the lake Superior, for in- 
ftance, in North America,) becom) as falt as the 
fea. 

‘Though the cold winds which blowiover the lake 
in the beginning of winter would be me warmed, 
and the temperature of the air on the fide of the lake 
oppofite to the quarter from whence thele winds 
arrive, would be rendered fomewhat milder than 
it now is; yet, as the water of the lake would give 
off an immenfe quantity of Heat before a covering 
of ice could be formed on its furface for its pro- 
tection, it would, on the return of fpring, be found 
to be extremely cold ; aud as it would require a long 
time to regain from the influence of the returning 
fun the enormous quantity of Heat loft during the 
winter, it would remain very cold during the 
fpring, and probably during the greateft part of 
the fummer; and this could not fail to chill the 
atmofphere, and check vegetation in the furround- 
ing country to a very confiderable diftance. And 
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though a large lake of falt water in a cold country 
would te’td tu render the winter fomewhat milder 
on one fide of it, namely, on the fide oppofite to 
the quarter from whence the cold winds came; 
‘yet this advantage would not only be confined toa 
{mali tra& of country, but would not any wherebe 
very important, and would by no means counter- 
balance the extenfive and fatal confequences which 
would be produced in fummer by fo large a col- 
leétion of very cold water. 

When the winter is once fairly fet in—when the 
earth is well overed with fnow, and the rivers and 
lakes with ice, and more efpecially when the ice 
as well as the land is covered with that warm 
winter garment, a few degrees more of cold in the 
air cannot #roduce any lafting bad confequences. 
It may objige the inhabitants to ufe additional pre- 
cautions. to guard themfelves, their domeftic ani- 
mals, and their provifions, from the uncommon fe- 
verity of the weather ; but it can have very little 
influence in the temperature of the enfuing fum- 
mer ; and even it is probable, if it influences it at 
all, that it tends rather to make it warmer than 
colder. Lakes of falt water could therefore be of 
no real ule in winter in cold countries, and in fum- 
mer they could not fail to be very hurtful; while 
frefh lakes, as they are frozen over almoft as foon 
as the winter fets in, and long before the whole 
mafs of their water is cooled down to’ the tem- 
perature of freezing, preferve the greater part of 
their Heat through the winter. and if they are of 
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no ufe during the cold feafon, they aptly do 
little or no harm in fummer. 

But I muft take care not to tire my ‘rl by 
purfuing thefe fpeculations too far. If t have per- 
filted in them,—if I have dwelt on theta with pe- 
culiar fatisfaction and complacency,—iis becaufe I 
think them uncommonly interefting,—and alfo be- 
caufe I conceived that they might be of real ufe in 
this age of refinement and /ceptici/m. 

If, among barbarous naticns, the fear of a 
God, and the prattice of religious duties, tend to 
foften favage difpofitions, and to prepare the mind 
for all thofe fweet enjoyments which refult from 
peace, order, induftry, and friendly intercourfe,— 
a belief in the exiftence of a Supreme Intelligence, who 
tules and governs the univerfe with Wwifdom and 
goodnefs, is not lefs effential to the happinefs of 
thofe who, by cultivating thcir mental - powers, 
HAVE LEARNED TO KNOW HOW LITTLE CAN BE 
KNOWN. 
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DESCRIPTION or tHe PLATES. 


PLATE IL. 


T= Plate reprefents the cylindrical Paffage 
‘Thermometer ufed in the Experiments, on the 
conduéting power of liquids with regard to Heat. 

Fig. 1. a, 6, is a fection of the brafs tube in 
which the Thermometer ¢, with an oblong copper 
bulb, is placed. 

e, f, is the glafs tube of the Thermometer, which, 
for want of room in the Plate, is reprefented as 
broken off at f- 

&> isa {topple of cork by which the end of the 
brafs tube, a, b, is clofed; and 

A, is a circular difk of the fame fubftance. 

The fpace in the brafs tube below this difk 4, fur- 

rounding the bulb of the Thermometer, was occu- 
pied by the liquid whofe conduéting power was 
determined. The fpace between the difk and the 
cork-ftopper g, was filled with eider-down. 
’ Between the infide of the brafs tube and the 
lower part of the bulb of the Thermometer are 
feen the wooden pins which ferved to confine the 
Thermometer in its place. 

Fig. 2. This is an horizontal fection of the brafs 
tube, and a bird’s-eye view of the Thermometer in 
its place. 

PLATE 


gia Defrription of the Platcs. 


PLATE IL 


Fig. 3. This Figure fhows the manner in which 
the Experiments were made, in which a cake of ice 
at the bottom of a tall glafs jar was thawed by hot 
water ftanding on its furface. 

a, is an earthen bow! filled with pounded ice 
and water, in which the glafs jar, 4, was placed. 

c, d, is the level of the upper furface of the ice 
in the jar. 

e, f, is the level of the’ furface of the water 
ftanding on the ice in the jar. 
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CHAP. I 


“etount of a Circumftance of a private Nature, by 
which the Author has been induced to add this and 
the following Chapters to the Second Edition of this 
Effay.—Experimental Inveftigation of the Subject 
continued.—Otu found by Experiment to be a Non- 
conduétor of Heat.—Mercury is likewife a Non- 
conductor.—Probability that all FLuips are Non- 
gonpuctors, and that this Property is ESSEN- 
TIAL To Fruiwiry.—The Knowledge of that 
Fact may be of great Ufe in enabling us to form 
more juft Ideas with regard to the Nature of thofe 
mechanical Operations which take place in chemical 
Solutions and Combinations ; in the Procefs of Ve- 
gétation ; and in the various Changes” effected by 
the Powers of Life in the Animal Economy.—Rapi- 
dity of Solution no Proof of the Exiftence of an At- 
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wtadtion of Affinity.—Strata of frefo Water and of 
falt Water may be made to repife on each other in 
aGiual Contact without mixing—Probability that 
the Water at the Bottom of frefo Lakes, that are 
very deep, may be a€tually falt. 





+ the end of a French tranflation of the Firft 
Edition of this Effay, publithed at Geneva, Pro- 
feffor Piétet (the tranflator) has added the follow- 
ing extract of one of my private letters to him, (of 
the gth June 1797,) written in anfwer to one from 
him to me, acknowledging the receipt of a manu? 
{cript copy of the Efflay which I had Sent him. 

* T fhould have been much furprifed if my Se- 
“* venth Effay had not interefted you; for in my 
“ life I never felt pleafure equal to that I enjoyed 
«¢ in making the cxpcriments of which I have given 
“ an account in that performance. You will per- 
“* haps be furprifed when I tell you, that I have 
“ fupprefled a whole Chapter of interefting fpecu- 
“ lation, merely with a view of leaving to others a 
“ tempting field of curious inveftigation untouched, 
“and to give more effect to my concluding reflec- 
* tion, which I confider as being by far the moft 
‘* important of any I have ever publithed.” 

As thefe affertions, (which were not originally 
intended for the’ public eye, )—are liable to feveral 
interpretations, I think it my duty, not only to ex- 
plain them, but alfo to let the Public know precifely 
how far I have pufhed my inquiries in the invelti- 
gation of the fubjec under confideration: This is 
‘an att of juitice which I owe to thofe who may be 

engagfd 
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engaged.in the fame purfuits ; for it would be very 
unfair, by bd/cure hints of important information kept 
back, to keep others in doubt with refpe&t to the 
originality of the difcoveries they may make in, the 
profecution of their inveftigations. ‘This would tend 
to damp the fpirit of inquiry, inftead of exciting it5 
and throwing out fuch hints looks fo much like 
lying in wait to feize on the fair fruits of the'la« 
bours of others, that I cannot reft till I have thewn 
that I do not deferve to be fufpected of fuch pitiful 
views, 

“My worthy friend, Profeffor Piétet, certainly did 
not fufpect any unhandfome defign in any thing I 
faid to him in my (private) letter; but thofe who 
are lefs acquainted with my charaéter, may not be 
difpofed to give me credit for candour and difinter- 
eftednefs without proofs. 

With regard to the affertion in my letter, ‘ that 
“ Thad fupprefled a whole Chapter of interefting 
“ fpeculation, with a view to leaving to others a 
“ tempting field, untouched, for curious inveftiga- 
* tion ;”—this is perfeétly true in fact, as will, I 
flatter myfelf, appear, by what I fhall now lay be- 
fore the Public ; and I am confident that thofe who 
will take the trouble to confider with attention 
the reafons which induced me to do this, will find 
them fuch as will deferve their approbation: 

Having, as I flattered myfelf, laid open a new 
and moft enticing profpeét to thofe who are fond of 
philofophical purfuits, 1 was afraid, if I advanced 
too far, that others, inftead of ftriking out roads for 

sthemfelves, might perhaps content themfelves with 
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following in- my footiteps.; and ; confequéntly that 
many, and probably the molt interefting parts of the 
new field of enquiry, would remain a long time «un+ 
explored: And with regard to the reputation of 
being a difcoverer, though I rejoice, I might fay, ex- 
ult and triumph—in the progrefs of human kuow- 
ledge,—and enjoy the fweeteft delight in contem- 
plating the advantages to mankind which are de- 
rived from the introduétion of ufeful improve- 
ments; yet I can truly fay, that I fet no very high 
value on the honour of being the firft to ftumble 
on thofe treafures which every where lie fo flightly 
covered. 

In refpect to the “ concluding reflection” of the 
Firft Edition of this Eflay;—though fome may 
fmile in pity, and others frown at it, I am neither 
afhamed nor afraid to own, that I confider the fub- 
ject as being of the wtmg? importance to the peace, 
order, and happinefs of mankind, in our prefent ad- 
vanced frate of faciely. But to return from thefe di- 
greflions— 

Though it appeared to me that the important 
faét I undertook to inveltigate, relative to the may 
ner in which Heat is propagated in Fluids, is fully 
eftablithed by the Experiments, of which an ac- 
count has been given in the preceding Chapters of 
this Effay 5 3 yet, as a thorough examination of the 
fubje&t is a matter of much importance, ia many 
refpets, I did not reft my enquiries here, but made 
a.aumber of Experiments with a view to throwing 
Rill more light upon it;' and enabling us to form 
more.clear and difting ideas tefpecting thofe curious, 
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mechanical, operations which appear to take place 
in Fluids, when Heat is propagated in them, 

Having frequently obferved when a quantity of 
water in one“of my glafs jars was frozen to a cake 
of ice, by placing the jar in a freezing mixture, 
that, as the ice firft began to be formed at the fides 
of the jar, and increafed gradually in thicknefs, the 
portion of water in the axis of the jar (which faft 
retained its fluidity) being compreffed by the ex- 
panfion of the ice, was always forced upwards to- 
wards the end of the procefs, and formed a pointed 
projection of ice in the form of a nipple, (papitla,) 
which was fometimes above half an inch high in the 
middle of the upper fide of the cake ; I was led by 
that circumftance to make the following interefting 
Experiments. 


Experiment, No. 55. 


A cake of ice, 3 inches thick, which had a 
pointed projection, { an inch high, which arofe 
from the centre of its upper furface, being frozen 
faft in the bottom of a tall cylindrical glafs jar, 4 
inches in diameter ; this jar, ftanding in an éarthen 
pan, and being furrounded by pounded ice *and 
water, to the height of an inch above the level of 
the upper furface of the cake of ice, was placed on 
a table, near a window, in 4 room where the air was 
at the temperature of 31° of Fahrenheit’s thermo- 
meter; and fine olive oi/, which had previoufly 
een cooled down to the temperature of 32°; was 
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poured into the jar till it ftood-at the height of 2 
inches above.the furface of the. cake of ite. 

Having teady a folid cylmder of wrought iron, 
1} 4nch in diameter, and 12 inches leng, with a 
{mall hook at one: end of it, by means of which it 
could occafionally be fufpended in a vertical pofi- 
tion, and furnifhed with a fit hollow cylindrical 
fheath of thick paper, into which it juft paffed,— 
open at both ends, and about +"; of an inch longer 
than the folid cylinder of iron, to which it ferved 
as a covering for keeping it warm ; this iron cy- 
linder, being heated to the temperature of 210° in 
boiling water, and being fuddenly introduced into 
its fheath, was fufpended by an iron wire which def- 
cended from the ceiling of the room, in fuch a 
manner, that its lower end entering the jar, (in the 
direction of its axis,) was immerfed in the oil to 
fuch a depth, that the middle of the flat furface of 
this end of the hot iron, which was direétly above 
the point of the conical projection of ice, was dif- 
tant from it only 3%, of an inch. The end of the 
fheath defcended ,'; of an inch lower than the end 
of the hot metallic cylinder. 

As the oil was very tranfparent, and the jar 
placed in a favourable light, the conical projeétion 
of ige was perfeétly vifible, even after the hot cy- 
linder was introduced into the jar; and had any 
Heat pescenpep through the thin ftratum of fluid 
oil which remained interpofed between the hot fur- 
face of the iron and the pointed projeétion of ice, 
which was under it, there is no doubt but this 
Heat muft have been apparent, by the melting 4 
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the ice; which event would have been difcovered, 
either by fhe diminution of the height of this pro. 
jeGtion, ‘or by an alteration of its form..: But this 
was not theafe: the ice did not appear to be inthe 
{malleft degree diminifhed, or otherwife affetted by 
the vicinity of the hot iron. 

My reader will naturally fuppofe, without, my 
mentioning the circumftance, that due care was 
taken in introducing the cylinder into the jar, to do 
it in the moft gentle manner poflible, to prevent the 
oil from being thrown into undulatory motions; 
and that proper means were ufed for confining the 
cylinder, motionlefs, in its place, when it had ar- 
rived there. 

As this experiment appears to me to be unex- 
ceptionable, and its refult unequivocal and decifive ; 
in order that a perfeét idea may the more eafily be 
formed of it, 1 have added the Figure 4, where a 
fection of the whole of the apparatus ufed in making 
it may be feen, exprefled in a clear and diftinét 
manner. 

If the general refult of the Experiments, of which 
an account has been given in the two firft Chapters 
of this Effay, afforded reafon to conclude that 
water is a non-conductor of Heat, the refult of that 
here defcribed certainly proves, in a manner quite 
as fatisfactory, that oil is alfo a non-condudtor; and 
ferves to give an additional degree of probability to 
the conje€ture, that all Fluids are neceff@rily non- 
conductors of Heat. 

As mercury, which is a metal in fufion, is differ- 
gnt in many refpects from all other Fluids, I 
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wanwel'y impatient ta khow if itagreed with them in 
that effential property, from.which they‘have been 
denominated non-conductors of Heat, and this I 
found to be adually the cafe, by the tefult of the 
following decifive Experiment. 


Experiment, No. 56. 


Having emptied and cleaned out the cylindrical 
glafs jar ufed in the laft mentioncd Experiment, 
and replenifhed it with a frefh cake of ice, with a 
conical projection in the middle of its upper fide, I 
placed the jar, furrounded by pounded ice and 
water, on the table, in the cold room, where the 
foregoing Experiment had been made; and poured 
over the cake of ice as much ice-cold mercury, as 
‘covered it to the height of about an inch. Having 
cleaned the furface of the mercury in the jar with 
blotting paper, I fuffered the whole to remain quiet, 
about an hour; and then very gently introduced 
the end of the hot cylinder of iron (inclofed in its 
paper fheath) into the mercury, and fixed it immo- 
veably in fuch a pofition, that its flat end, which 
was naked, was immediately over the point of the 
conical projection of ice, and diftant from it about 
3 of an inch; where I fuffered it to remain feveral 
‘minutes. 

It is neceffary that I fhould mention, that, in 
order to prevent the internal motions in the mafs of 
mercury, which would otherwife have been occa- 
fioned by the rifing and fpreading out on its furface 
of thofe particles. of that fluid, which, having‘ 
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touched the Hat end of the hot iron, became fpeci- 
fically lighter in confequence of their increafe of 
temperature, the end of the hollow cylindrical 
fheath, in which the folid cylinder of irom was 
placed, was made to project about ,‘, of ‘an iach 
below the flat end of the iron. This precaution 
was likewife ufed, and for a fimilar reafon, in the 
preceding Experiment; when oil was ufed in’ the 
place of the mercury; as was mentioned, though 
without being explained, wh giving an account of 
that Experiment. 

As the cake of ice, on which the mercury repofed, 
“was at that temperature precifely at which ice is dif 
pofed to melt with the fmalleft additional quantity 
of Heat, if any Heat had found its way downwards 
through the mercery to the ice in this Expetiment, 
water would moft undoubtedly have been formed; 
and this water would as undoubtedly have appeared: 
on the furface of the mercury on taking away the 
iron: but there was not the fmalleft appearance of 
any ice having been melted. 

To find out whether the cake of ice was really at 
that temperature at which it was difpofed to melt 
with any additional Heat, I thruft down’the end of 
my finger through the mercury, and touched the 
ice; and this Experiment removed all my doubts; 
for I found that, however expeditioufly I performed 
that operation, it was hardly poflible for me to 
touch the ice without evident figns of water having 
been produced being left behind, on the clean and 
bright furface of the mercury, on taking away my 
finger. ; 

From 
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‘B¥orh the refults of all thefe experimental invefti- 
gations it appears to me, that we may fafely con 
tlade that water, cil, and mercury are perfec non- 
conduétors of Heat; or, that when either of thofe 
fubftanées takes the form of a Fluid, all interchange 
and communication of Heat among its particles, or 
from one of them to the other, direétly, becomes 
from that moment al/ilutely impoffible. 

That this is alfo the cafe with refpeét to the par- 
ticles of air, has been réndered extremely probable, 
I believe I might fay proved,—by the Experi- 
ments of which J gave an account in one of my 
Papers on Heat, pubiifhed in the TranfaGtions of 
the Royal Society ;—and I have fhewn elfewhere — 
(in my Sixth Eflay) how much reafon there is ta 
conclude, that the particles of Steam and of Flame 
are in the fame predicament. 

But if all interchange and communication of 
Heat, from particle to particle—immediatcly, or de 
proche en proche, be abfolutely impoffible in fo many 
elaftic and unclaftic Fluids,—and in Fluids fo ef- 
fentially different in many other refpeéts,—is there 
not fufficient grounds to conclude from hence, that 
this property is common to all Fluids—and that it 
is even effential to fluidity ? : 

It is eafy to conceive, that the difcovery of fo im- 
portant a circumftance mutt neceffarily occafion a 
confiderable change in the ideas we have formed in 
refpec&t to the mechanical operations which take 
place in many of the great phenomena of Nature ; 
as-well as in many of thofe {till more interefting 

chemical 


chemical. operations; which we ate: able to dire&t, 
but whic! we find, alas !, very difficult to explain. 

In my Paper on Heat, above mentioned, publithed 
in the Philofophical Tranfactions for the year £792, 
J endeavoured to apply the difcovery of the non- 
conduéting power of air in accounting for the 
warmth of the hair of beafts ;—of the feathers ‘of 
birds ;—of artificial clothing;—and of {now, the 
winter garment of the earth ;—and alfo,,in explain- 
ing the caufes of the cold winds from the polar-re- 
gions, and of their different direétions in different 
countries, which prevail at the end of winter, and 
early in the fpring. 

In my Sixth Effay—(on the Management of 
Heat and the Economy of Fuel)—I availed myfelf 
of the knowledge of the non-condudting power of 
feam and of fame, in explaining the effets ef a 
blow-pipe in increafing the aétion of pure flame; 
and in inveftigating the moft advantageous. fornis 
for boilers : and in the third Chapter of this Effay 
I have endeavoured to apply the difcoveries which 
had been made, refpecting the manner in which 
Heat is propagated in water, in explaining the means 
which appear to have been ufed by the Creator of 
the world for equalizing the temperatures of the 
different climates, and preventing the fatal effects 
of the extremes of heat and of cold on the furface 
of the globe. Buta moft interefting application 
remains to be made of thefe difcoveri chemifiry; 
—vegetation ;—and the animal -econcri id to 
the learned in thofe branches of fcience I beg leave 
moft earneftly to recommend them. If I am not 

much 
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much ‘imiftaken they will throw a new light on 
thaty of thofe myfterious operations of Nature, in 
which inanimate badies are put in motion—their 
forms changed—their component parts feparated, 
and new combinations formed; and it is poflible 
that they may even enable us to account, on me- 
chanical principles, forthofe furprifing appearances 
of preference and predilection among bodies, which, 
without ever having been attempted to be explained, 
have been diftinguifhed by the appellation of chemi- 
cal affinity. 

Perhaps it will be found that every change of 
form, in every kind of fubftance, is owing to Heats 
and to Heat alone :—that every concretion is a true 
congelation, effe€ted by cold, or a diminution of 
Heat ;—and that every change from a folid toa 
fuid form is a real Jifion, That the difference be- 
tween calcination in the wet and in the dry way, is, 
im fa&, much lefs than has hitherto been generally 
imagined ; and that no metal is ever diflolved till it 
has fir/t been melted. 

Perhaps it will be found, that the apparent vio- 
Ience with which folid bodies of fome kinds ate at- 
tacked by their Jiquid folvents,—and which has, I 
believe, been confidered as a proof of a ftrong che- 
mical affinity—is not owing to any particular at- 
traétion, or eleCtion, but to the confiderable degree 
of heat, or of cold, which is produced in their 
union with gggir menftrua ; or to a great difference 
in the {j gravity of the menftruum in its na- 
tural-ftate, and that of the fame fluid after it has 
been changed to a faturated folution. 
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if Fluids are non-conduétors of Heat, it is evident 
that, if amy change of temperature takes place In 
chemical folution, it muft neceflarily produce cur. 
rents in the folvent; and that thefe currents mult 
be the more rapid, as the change of temperature is 
greater ; and as they neceffarily caufe a fucceflion 
of frefh particles of the folvent to come into contaét 
with the folid, it is evident,—all other things being 
equal,—that the rapidity of the procefs of {olution , 
will be as the rapidity of thefe currents,—or as. the 
change of temperature. 

But the currents produced by the difference. in 

e fpecific gravities of the fluid menftruum, and 
of the faturated folution, have perhaps, in general, 
a ftill greater effet in bringing a rapid fucceffion of 
frefh particles of the menftruum into conta& with 
th> folid body that is diffolved in it, than thofe pro: 
duced by the change of temperature. 

When thefe two caufes confpire to accelerate the. 
motion of the fame current, or when their ten- 
dencies are in the fame direction, as is the cafe in 
the folution of common fea-falt in water,—the 
folution ought to be moft rapid. 

When common falt is diffolved in water, the foe: 
cific gravity of the faturated folution is greater than 
that of pure water, and will therefore defcend in it; 
and cold being produced in the procefs, and water 
being a non-conduttor of Heat, the fpecific gravity 
of the faturated folution will be till farther increafed, 
in confequence of its condenfation With this cold, 
by. which its defcent in the water will be {till farther 
accelerated. 

2 A curious 
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| Mcarions quéftion here prefents itfelf, which, 
ould it be refolved, might greatly tend tb elucidate 
this abftrufe fubje&t of philofophical inveftigation. 
Suppofing that, in a cafe where Heat is generated 
in the folution of a folidin a fluid menflruum, the 
addition to the {pecific gravity of the menftruum, 
atifing from its chemical union with the folid, fhould 
fo precifely counter-balance the diminution of the 
Specific gravity of the Fluid, by the Heat generated 
in the procefs, that the Jot faturated folution fhould 
be precifely of the fame fpecific gravity as the cold 
menftruum ;—would, or would not the procefs 
of folution be poffible under fuch circum 
flances? 

If the apparent tendency to approach-each other, 
which we fometimes perceive in folids and their 
#uid menftrua, were real ;—if that peculiar kind of 
attraction of predileétion which has heen called 
chemical affinity, has a real exiftence, and if its in- 
fluence reaches beyond the point of actual contaéf, (as 
has, I believe, been generally fuppofed,) as there is 
no appearance of any attraction whatever, or affi- 
nity, between any folid body, and a faturated folu- 
tion of the fame body in its proper menftruum, it 
feems probable that the folution would take place, 
—under the circumftances defcribed: but fhould 
the attraction of affinity, according to the definition 
of it here given, have no exiftence in fact, (which 
is what I very much fufpeét,) in that cafe it is evi- 
dent that the’ folution, though it would not be ab- 
folutely impoffible, would be fo very flow.as hardly 
to be perceptible. 
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It-would not be impofible, becaule the particles of 
the menfttuum. in immediate conta&t with .the folid, 
though, in.the, moment of their. faturation, they 
would have no tendency to move out of their places, 
yet, as they would by degrees neceflarily give. off, 
to the undiffolved part of the folid, a part of the 
Heat acquired in the chemical procefs by which 
they were faturated, being condenfed by this lols of 
Heat, they would, at length, begin to defcend, and. 
give place to other particles of the menftruums 
which, in their turns, would follow them, but with 
velocities, however, continually decreafing ;—on 

count of the gradual augmentation of tempera- 
ture of the undiffolved part of the folid, and of the 
Heat communicated by that folid fubftance to the 
whole mafs of the liquid menftruum. 

Though it would, probably, be extremely diffi- 
cult to contrive any fingle experiment, from the re- 
fult of which a fatisfaCtory decifion of this queftion 
could be obtained, yet it does not appear to be im- 
poflible to difcover by indirect means, the principal 
faét on which its decifion muft depend. 

It is a well known faét, that, when water which 
holds fea-falt in folution is mixed, in.any veffel, 
with freth water, the falt will, after a fhort time, be 
found to be very equally diftributed in every part of 
the whole maf ; and I believe that it has been ge- 
nerally confidered, that this equal diftribution of the 
falt is owing to the affinity which is fuppofed to exitt 
between fea-falt and water. 

Having doubts with refpect to the exiltence of 
this fuppofed attraction ; and fulpeGting that the 

4 equal 


338 ‘Of the Propagation of Heat 


equal... diftribution of the falt was owing to a very 
different caufe—the internal motions among, the 
particles. of the water, occaiioned by accidental 
changes of temperature—I made the following 
Experiment, which, I fancy, will be confidered as 
decifive. 


Experiment, No. 57. 


I took a cylindrical glafs jar, 44 inches in diame- 
ter, and 7} inches high, and placing it in the 
middle of another cylindrical glafs jar, 71 inches 
in diameter, and 8 inches high, which ftoe2in™ 
a very fhallow earthen difh, nearly filled with 
pounded ice and water, I placed the difh, with its 
contents, on a ftrong table, in an uninhatited room, 
in a retired part of the houfe, where the tempera- 
ture of the air, which was the fame, with very 
little variation, day and night, was at about 36° F. 
Having prepared, and at hand, a quantity of the 
ftrongeft brine I could make with fea-falt, which 
was very clear, tranfparent, perfectly colourlefs, 
and ice-cold; and alfo, a quantity of frefh, or 
pure water,— ice-cold, lightly tinged of a red 
colour with turnfol; and fome ice-cold olive-oil ; 1 
firft, poured as much of the frefh water into the 
fmall cylindrical jar as was neceffary to fill it up to 
the height of above 2 inches ; and then, by means 
of a glafs funnel, which ended ina long and narrow 
tube, by introducing this tube into the frefh water, 
and refting it on the bottom of the jar, I poured a 

quantity’ 


quantity of the bring, equal to “that of ‘the freth’ 
water, intd the jar ; and ini performing ‘this ‘opera- 
tion I took fo much care to do it gently, and with. 
out difturbing the freth water already in the jar, 
that, when’it wagfinithed, the freth water, which, 
as it was coloured red, could eafily be diftinguithed 
from the brine, remained perfeétly feparated: from 
this heavier faline liquor ; on which it repofed 
quietly, withoyt the fmalleft appearance of any 
tendency to mix with it. 

I now filled, to the height of about ‘5 inches; 
the véid fpace between the outfide of the fmall jar 
aitéethe infide of the large jar in which it was 
placed, with ice-cold water, mixed with a quantity 
of ice, in pieces as large as walnuts,—(pounded 
ice would have obftru€ted the view in obferving, 
through the fides of the large jar, what paffed ‘in 
the{maller)—and when this was done, I very care+ 
fully poured ice-cold olive oi* into the fimaller jar 
till it covered the furface of the (tinged) freth water 
to the height of about an inch (fee Fig. 5. Plate IV.) 
and placing myfelf near the table, in a fituation 
where I had a diftin& view of the contents of the 
{mall jar, I fet myfelf to obferve the refult of the 
Experiment. 

After waiting above an hour without being able 
to perceive the fmalleft appearance of any motion, 
either in the brine, or in the frefh water, (the one 
continuing to repofe on the other with the moft 


* This oil ferved not only to keep the water on which it repofed, 
quiet; but alfo to prevent any communication of heat between it 
and the air of the atmofptiere, 
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petiedt sranquillity,and: without the finalielt difpoli- 
tém to mix together).I left the room. 

‘When I returned to it the next day, I-found 
things pretifely in the: flate sin which T had left 
them ;:and:.they continued in fate, without 
the fmalleft appeatance of any change, or of any 
difpofition-to.change, during four days. 

At the.end of that time, thinking that any Gis 
ther prolongation of the Experiment would be 
quite ufelefs, I removed the fmall jar, taking care 
not to agitate its contents, aud. placed it in the win- 
dow of a room heated by a German ftove. 

I lefs than an hour.J perceived that the brine 
and the (tinged) frefh water began to mix, and at 
the end of 24 hours they were intimately mixed 
throughout, as was evident by the colour of the 
aqueous fluid on which the oil repofed; which 
now appeared to the eye to form one uniform mafs 
of a light red tint. 

T fhall leave it to philofophers.to draw their own 
conclufions from the refults of this Experiment : 
In the mean time, there is one fa&t which it feems 
to point out that I fhall juft mention, which is not 
only curious in itfelf, but may lead to very import- 
ant difcoveries. It appears to me to afford ftrong 
xealops to conclude that, were a lake but very deep, 
its. waters, near the furface, would neceflarily be 
freth, even though its bottom fhould be one folid 
mafs of rock. falt ! 

Would it be ridiculous to make Experiments to 
determine whether the water at the bottom of fome 
very deep Jakes is not impregnated with falt? 

2 Skould 


Soe TRG. | 
Should it be found tobe a€twally@he cade,.it might 
prove an bnexhauftible treafure.in' an inland. coun- 
try, where falt is fcarce. 

‘As mines of rock-falt are often found inthe 
neighbourh freth lakes, it feems’ reafonable 
to fuppofe that the waters of' fach lakes thould 
Sometimes be in contac with fireta of thefe mines + 
and when I firft began to meditate on this fubjeG, 
I was much furprifed,—not that the falt water 
which may lie at the bottom of frefh lakes fhould 
not already have been difcovered,—for from the 
firft I plainly perceived that nothing could happen 
in the ordinary courfe of things that could bring it 
to the light, or even afford any grounds to fufpeét 
its exiftence;—but, as rata of falt mines frequently 
lie higher than the mean level of the country, I'was 
furprifed that lakes of /a/t water fhould not more 
frequently be found ; and as thefe refleétions. oc- 
curred to me after I had difcovered what appear- 
ed to me to be an evident proof of the wifdom and 
goodnefs of the Creator in’ making all lakes in cold 
countries fre/b, I began to be alarmed for the fatal 
confequences that might enfue, if, by charice, the 
fide of 4 lake fhould come into contaét with a 
mountain of falt; as I faw might eafily happen. 

Shall I,—or fhall I not attempt to give my reader 
an idea of what I felt, when, meditating on the 
fubje&, and almoft beginning to repent of what 
many, no doubt, have already condemned as the 
foolifh dream of an enthufiaftic imagination, I faw, 
all at once, that the moft effeQtual care had been 
taken to prevent the evils I apprehended ;—that 

AA2 from 


fromthe very cqnftinution of things, and the ardl. 
Si a Aap of pao laws of 
me the permanent exi/fence of 2 lake, SALT AT 
THE suRFACE, is ab/alutely impgffible ; even though 
it fhould be furroynded on every ye by mountains 
of falt *? a 

Though the explofion of a volcano, an earth- 
quake, or any other great convulfion, by which the 
fhores of a lake might be brought into contaét with 
a_vaft mine of falt, might caufe the whole_mafs 
of its water to be falt for a time; yet, the evil 
would foon effe&t its own remedy: The falling in 
of the cruft of earth and ftones by which mines of 
falt are every whete found to be covered, (and 
without which they could not exift) would very 
foon cover the naked falt, and the water at the 
Surface of the lake would again become perfectly 
frefh. Should, however, the lake be fo deep that 
the temperature at the bottom fhould remain the 
fame fummer and winter, without any fenfible va- 
tiation, it is moft certain that its waters there—(at 
the bottom of the lake)—would remain perfectly 
Saturated with falt for ever. 

But are there not fome reafons to conclude that 
the water at the bottoms of all very deep lakes ought 
neceflarily to be falt, even in fituatjons where there 
are no mines of falt near? 

The fea-thells that are frequently found in high 
inland fituations, as. well as many other appear- 


© By the word Lake I mean, as is eafy to perceive, a colledtion of 
warer, in a high inland fitwation, from which there is a conftant 
cfilrx. 


anges 


ances noticed by naturalifts, ftrorply itidicate that 
moft of our continetits have been: covered’ by the 
waters of the ocean. Now if that event ever hap- 
pened—however remote the period may: beeat 
which it took pigee—it feems highly probable that 
the falt water left at the bottoms bf all deep lakes, 
by the fea, on its retiring, mu/? be there now. 

I cannot take my leave of this fubjeét without 
jut obferving, that the difcovery of the impaffbility 
of the permanent exiftence of what we can plainly 
perceive would be an evil, certainly ought not to 
diminifh our admiration of the wifdom of the great 
Avwhisest of the Univerfe, 
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CHAP. IL 


Water made to @ngeal at its under Surface.—Ob- 
Servation refpeCing the Formation of Ice at the 
Bottoms of Rivers.—Reafons for concluding that 
Heat can never be equally diftributed in any 
Fluid.—Perpetual Motions occafioned in Flujds by 
the unequal Difribution of Heat.—An inconceiv- 
ably: rapid Succeffion of Collifions among the in- 
tegrant Particles of Fluids is occafioned by the in- 
ternal Motions into which Fluids are throuin in the 
Propagation of Heat.—An Attempt to eftimate the 
Number of thofe Collifions which take place in a 
given Time.—Thefelnveftigations will greatlychange 
our Ideas refpecting the real State of Fluids appa- 
rently at ref.—FLuipity may be called the Lire 
OF INANIMATE Boptes.—Conjectures refpecting 
the Vitar Principte in Living Animals ; and 
the Nature of Phyfical SrimuLation. 


WHATEVER the mechanical operation may in 
faét be,. by which thofe effects are produced 

that have given rife to the idea of the exiftence of 
an attraction of affinity—(a power different from 
gravitation)—between folid bodies and their liquid 
menftrua, and between different portions of the 
fame menftruum differently faturated; the refult 
of the foregoing Experiraent (No. 57) proves that 
two particles of water in combination with very 
different 


appeeed Bs 
Bifférent quantities: of ea-falty- “Or a¢patticle oF 
water faturated with falt, and another-perfedty free 
from falt ; may be in contadt withiearh other for any 
Jength of time without thowing any appearance of 
a difpofition to gqualize the falt.etween theth. 
But fhould we even admit as a faGy what this 
Experiment feems to indicate; namely, that there 
is no fuch thing as an attraction of predileétion Be- 
tween folids and their folvents ; and that all thofe 
motions which have been attributed to the action 
of that fuppofed power,—(as well as all other 
motions which take place in Fluids,)—are the im 
mediate effets of gravitation ating according to 
immutable laws, and changes of /pecific gravity by 
Heat ; yet, there would {till remain one great diff- 
culty in explaining chemical folution. As all me- 
chanical operations require @ certain time for their 
performance ; and as the motion which is occafion- 
ed in a Fluid by a change of fpecific gravity in any 
individual particles of it, degins as foon as the 
change begins to take place, if there be U0 .at- 
tration between the particles of folid bodies and 
the particles of their menftrua ;—as Heat is fuppofed 
to be generated or abforbed, or, to fpeak more 
properly,—both generated and abforbed,—in the 
contac? of thofe particles, and previous to the com: 
pletion of their chemical union ;—how: does it hap~ 
pen that the particle of the menftruum whofe fpe- 
cific gravity is neceffarily changed by this change 
of temperature, does not immediately quit the folid, 
in confequence of this change ; and before the pro- 
cefs of folution has had time to be completed ? 
AAG A con. 
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x Acgntideration of the effects of the vis inertia 
of the particle of the menftruum whole fpecific 
Bravity is thus changed, and alfo of the vis inertia 
of che reft-of the Fluid, and the refiftance it mutt 
oppofe to the motion of. its individual folitary par- 
ticles, would furnlth us with arguments that might 
be employed with advantage in removing this diffi- 
culty; but I fancy that the refult of the Experi- 
ment of which I fhall prefently give an account 
will be more fatisfa@tory than any reafoning, un- 
fupported by facts, that I could offer on the 
fubje&, 

When a doubt arifes with regard to the solititty 
of any operation of a peculiar kind, which is up 
jofed to take place, in any procefs of nature among 
thofe infinitely {mall integrant particles of bodies 
which efcape, and muft ever efcape, the cognizance 
of our grofs organs, however they may he affifted 
by art, the fhorteft way af deciding the queftion is 
to. put the known powers of natpre in ation under 
fuch cirgumftances that the effeéts produced by 
them muft fhow, unequivocally, whether the fup- 
pofed operation be poffible, or not: and if it be 
found to be poffible in one cafe, we may then 
argue with lefg diffidence on the probability of its 
a€tually taking place in the fei cafe in 
quettion. 

It has been abundantly proved by ‘the Experi- 
ments of M. de Luc, and by thofe of my friend 
Sir Charles Blagden, that, when water, in cool- 
ing, has arrived at the temperature of about 41°F. 
its condenfation with cold ceafes ; and it begins to 


expand ; 





xpand ; ‘and. contimies'to expand’ gradually as its, 
temperature goes on to be farcher dimisithed, till 
it is changed to ice. Availing myfelf of that moh 
important difcovery, I made the following Exptri- 
ment. 


Experiment, No. 58. 

Having pourea mercury, a we vemperature of 
60°, into a common glafs-tumbler, till this Fluid 
ftood’at the height of about an inch ; I then poured 
about twice as much water (at the fame temperature) 
upon it; and placing the tumbler in a fhallow 
earthen difh, furrounded it to the height of the 
level of the furface of the mercury with a freezing, 
‘mixture of fnow and common falt. Having done 

“this, I was very curious indeed to fee in what part 
of the water ice would firft make its appearance, 
Could it be at the upper furface of it? That ap- 
peared to me to be impoffible; for the Experi- 
ment being made in a room warmed hy a German . 
ftove, the temperature of the air which repofed on 
that furface was confiderably above the point at 
which water freezes. 

Could it be at its lower furface, where it refted 
on the upper furface. of the mercury ?—If that 
fhould happen, it would fhow, that, notwithftand- 
ing the diminution of the fpecific gravity of the 
water in paffing from the temperature of 41° to 
that of 32°; and the tendency which this diminu- 
tion gave it to quit the furface of the mercury 
froni the inftant when, in being cooled by’ a con- 
ta&t with it, it had paffed the point of 41°; yet, 

there 
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there! His time 'fulfidient for the congelation to be 
Gienpleted defor the particle of water fo cooled could 
make its oftape- 

““Fhe reader ‘will naturally conclude from what 
was faidin the preceding page, that it was merely 
with a view to the determination of that fingle 
fact, that this Experiment was contrived ; and he 
will perceive by the refult of it that my expect- 
ations with regard to it were fully anfwered. 

Ice was not only formed at the bottom of the 
water, at its under furface, where it was in con- 
ta& with the cold mercury ; but, I found on re- 
peating the experiment, and varying it, by-previ- 
ally cooling the mercury in the tumbler to about 
10°, that bailing hot water, poured gently upon it, 
was inftantly frozen, and gradually formed a thick - 
cake of ice, covering the mercury ; though almoft 
the whole of the mafs of the unfrozen water, which 
refted on this ice, remained nearly boiling hot. 

This Experiment not only determines the point 
for the decifion of which it was undertaken; 
but alfo enables us to form a jutt opinion refpect- 
ing a matter of fatt which has been the fubject of 
a good deal of difpute. 

~Though many accounts have been publithed of 
ice found ‘at the bottom of rivers, yet doubts 
have been entertained of the poflibility of its being 
Sermed in that fituation. From the refult of the 
foregoing Experiment it appears to me that we may 
fafely conclude, that, if after a very long anda 

very fevere froft, by which the furface of the ground 
has.not only been frozen to a confiderable depth, 
but 


th Phan Sh 
but ‘alfo gpoled feveral degrees below: the Freezitis 
point, a river fhould overflow its batiks; "aint cover 
the furface' of ground previoufly fo “coaléd,” ‘ice 
would be formed at the bottom of the water'é*but 
all the Experiments that have been made ‘on the 
congelation of water fhow the abfolute impoffibkt 
lity of ice being ever formed, in any country, at’ thé 
bottom of a river which :conftantly fills its barik, 
or which never leaves its bed expofed, dry, to thé 
cold air of the atmofphere, 

By refleéting on the various contequences that 
ought to follow from the peculiar manner-in which 
Heat sppears to be propagated in Fluids, we are led 
to conclude, that it is almoft impoffible that any 
Fluid expofed to the action of light fhould-eyer be 

- throughout of the fame temperature, though its 
mafs be ever fo fmall; and that the difference in 
the Heat of its different particles muft occafion 
perpetual motions among them. 

Suppofe any open veffel—as a common glafs 
tumbler for inftance,—containing a piece of mto® 
ney, 2 {mall pebble, or any other fmall folid opaque 
body, to be filled with water, and expofed in a 
window, or elfewhere, to the aétion of the fun’s 
rays. Asa ray of light cannot fail to generate 
Heat when and where it is {topped or abforbed, 
the rays, which, entering the water, and paffing 
through it, impinge againft the fmall folid opaque 
body at the bottom of the veffel, and are there ab- 
Sorbed, mutt néceffarily generate-a certain quantity 
of Heat; a part of which will penetrate into the, 
interior parts of the folid, and a part of it will be’ 

commu- 
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communicated. to thofe colder particles: of | the water 
which.sepofe on its furface... | 

Let us fuppofe the quantity of Heat fo commu- 
Ricfted to one of the integrant particles of the wa- 
ter to bé fo fimall, that its effe& in diminifhing the 
fpecific gravity of’ the particle is but juit fufficient 
to caufe it to move upwards-in the mafs of the li- 
quid with the very fmalleft degree of velocity that 
would be perceptible by our organs of fight, were 
the particle in motion large enough to be vifible. 
This would be at the rate of about one hundredth 
part of an inchin a fecond. 

‘This velocity, though it appears to us to be flow 
in the extreme, when we compare it with thofe 
motions that we perceive among the various bodies 
by which we are furrounded, yet, we fhall be fur- 
prifed when we find what a rapid fucceffion of 
events it is capable of producing.” 

If we fuppofe the diameter of the integrant par- 
ticles, or molécules of water, to be one millionth 
part of an inch—(and it is highly probable that 
they are even lefs—*)—in that cafe, it is moft cer~ 
tain that an individual particle, moving on in a 
quiefcent mafs of that Fluid with the velocity in 
queftion, namely, at the rate of +4, part of an irich 
in 1.fecond, would ..run through a {pace equal to 


.® Leaf gold, fueh as is prepared and fold by the gold-beaters, 
ia not four somes a6 thick as the diameter here affumed for the integrant 
particles of water. Thefe leaves of folid metal haye been found by 
computation to be no more than xyrizq of an inch in thicknefe. 
How much lef mut be the diameter of the integrant particles of 
gold?” 

ten 


ten thoufand times the length of sts: diaméter.in. conte 
Second, an confequently, would come inte:ontaa 
with at leaft Ax hundred thoufand. different particles 
of water in that time. 

Hence it appears how inconceivably .tbort: the 
time muft be that an individual particle, ip 
motion, of ily Fluid, can remain in contact with 
any other individual particle, not in motion, againft 
which it ftrikes in its progrefs, (however flow that 
progrefs may appear to us to be) through the 
quiefcent mafs of the Fluid ! - 

Suppofing the contaét to laft as long as the 
moving particle employs in pafling through a fpace 
equal to the length of its diameter—which is evi- 
dently all that, is poflible; and more ‘than is pro~ 

. bable;—then, in the cafe juft flated, the contaét 
could not poffibly laft longer than ysgez part of a 
fecond! This is the time which a cannon bullet, 
fying with its greateft velocity, (that of 1600 feet 
in afecond) would employ in advancing 2 inches. , 

If the cannon bullet be a nine pounder, its diame+ 
ter will be four inches; and if it move with a ve- 
locity of 1600 feet (=19200 inches) in a fecond, 
it will pafs through a fpace juft equal to 4800 times 
the length of its diameter in 1 fecond. But we 
have feen that a particle of water moving +24 of 
an inch in a fecond actually paffes through a fpace 
equal to 10000 times the length of its diameter in 
that time: Hence it appeays that the velocity with 
which the moving body quits the fpaces it occupies is 
more than twice as great in the particle of water, 


as in the cannon bullet! 
There 
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‘Rew’ ie one more computatryn which may be of 
enabling us to fornr ‘tnore {juft ideas of the 
fubje& under confideration,~-and furely too. much 
‘carmot be done to enlighten the mind, and affift the 
imagination, in our attempts to contemplate thofe 
invifible operations of nature which nothing but 
the tharpelt ken of the intellectual eye will ever be 
able to detect and feize. 

As fucceeding events which fall under the cog- 
nizance of our fenfes cannot be diftinguifhed if 
they happen oftener than about ten times in a fe- 

*, it appears that when a particle of water 
moves in a quiefcent mafg of that fluid at the rate 
of ,3, part of an inch only, in one fecond, its 
fucceeding “collifions with the different particles, 
at reft, of that fluid, againft which it ftrikes as 
it moves on, muft be fo inconccivably rapid that 
no lefs than one thoufand of them mufi a€ually 
take place, one after the other, in the fhorteit {pace 
ef time that is perceptible by the human mind f. 

After 





* This affertion, in as far, at leaft, as it relates to objects of 
Fight, may be proved by the following eafy experiment: Let a 
wheel, with any known number of {pokes, be turned round its axis 
with fuch a velocity as thall be found neceffary, in order that the 
fpokes may difappear or become invifibJe.—From the velocity of the 
wheel, and the number of fpokes in it, the fact will be decided, 

* It probably will not efcape the oblervation of my learned read- 
es, that the velocity which I have here affigned to the fingle particie 
of wmer, moving upwards in that fluid in confequence of a change 
of its {pecifie gravity by Heat, though apparently very fmall 
(xt part of an.inch in a fecond)—is, however, molt probably con- 
fiderably greater, in faél, than any individual foiitary particle of that 
Mid could poffibly acquire, in the fuppofed circumitances, by any 
change of temperature, however great, owing to the sefiftance which 

: would 


After we: haye patiently examined.the, xefult of 
thefe inveftigations, and the imaginatign, has. be. 
come familiarized with the contemplation, of, the 
interefting fats. they. prefent to it, how much. will 
our ideas be changed with regard to the real ftate 
of fluids apparently at reft! They will, them ape 
pear to us to be, what no doubt they really. are im. 
fact, an affemblage of an infinite number of infin 
nitely fmall particles of matter moving continually, 
or without ceafing, and with inconceivable arelan 
cities. 

We hall then confider fluidity as the life of .iax: 
animate bodies, and congelation as the fleep of deaths 
—and we fhall ceafe to afcribe adtive powers, or 
exertions of any kind, to dead motionle/s matter. 

_ But what fhall we think of the wital principle in 
living animals ?—Does not their life alfo depend 
on the intérnal motions in their fluids, occafioned 
by an unequal diftribution of heat ?—And is not 





would neceffarily be oppofed to its motion by the quiefcent particles 
cof the uid, Aware of this objeétion, and being defirous of heing 
prepared to meet it, I took fome pains to compute, by the rules laid 
down by Sir Isaac NewTon in his Principia, book ii. fet. vit. 
what the greatett velocity is that a folitary particle of water (fuppofed 
to be reudce. of an inch in diameter) could poffibly acquire by a 
given change of its {pecific gravity: And I found that if the Specifi¢ 
gravity of water at the temperature of 32° F. be taken at 1.00082, and 
ite (pecific gravity at 80°," at 0.99759, a8 lately determined by accus 
vate experiments, then, a fingle particle of water at the, temperatyre 
of 80% fitusted in a quiefcent mafs of that fluid at 32°, the greateft 
velocity this hot particle could acquire in moving upwards in confee 
quence of ite comparative levity weuld be that of az'yg part of an 
inch in x fecond. This is at the rate of about one inch and an balf 
in x hour.—But it is evident, that when great numbers of particles 
unite and form’ currents, they will make their way through the qui« 
cfeent fluid with greater facility, and confequently will move fatter. 


Stimulation, 





Of the Prepiitee of Heat 
Sintilether, in at cafes; the mere mechanical effec 
‘efthe communication of Heat ? 

‘it is an opfhion which we know to be as old as 
the'days of Moses, that the life of an animal refides 
in its blood ; and it is highly probable that it dates 
from a period ftill more remote. It was lately re- 
vived by an anatomift and phyfiologift, (now no 
more,) who was eminently diftinguifhed for faga- 
ty; and it appears to me that the late difcoveries 
refpe&tthg the manner in which Heat is ptopagated 
in Fluids tend greatly to elucidate the fubjeGt, and 
to give to the hypothefis a high degrce of proba- 
bility. 

According to this hypothefis—(as it may now be 
explained)—every thing that increafes the inegua- 
lity of the diftribution of the Heat in the mafs of - 
the blood—{even though it fhould not immedi- 
ately augment its quantity )—ought to increafe the 
intenfity of thofe adfions in which life confifts. But 
are there not many ftriking proofs that this is the 
cafe in fat? 

“Do not refpiration,—digeftion,—and infenfible 
perfpiration all tend evidently—(that is to fay, ac- 
cording to our affumed principles, with regard’ to 
the manner’ in which Heat is propagated in Fluids) 
—to produce, and to perpetuate this inequality of 
heat -in the animal fluids? And do we not fee 
what an immediate and powerful effect they have 
im increafing the inteafity of the action of the 
powers of life ? 

- If animal life depends effentially on thofe in 
ternal ypotions in the animal fluids,—which, as 
has 


iw Fluids, crc 
has been fhown,—are ‘occafioned by  the- differs 
ence of the /pecific gravities of their integrant par- 
ticles, or molécules, arifing from their different tem- 
peratures ;—in that cafe, it is evident that the 
vital powers would be ftrengthened, or their aétion 
increafed, either by heat or by cold properly applied. 
But is not this found to be the cafe in fa@? 
Does not the dram of brandy at St. Peterfburgh 
produce the fame effeéts as the draught of iced le- 
monade at Naples, and by the fame mechanical ope- 
ration, but aéting in oppofite dire€tions? And 
does not the /o/ of Heat, by infenfible perfpiration, 
contribute as efficacioufly to the prefervation of 
that inequality of temperature which is effential to 
life, as the introduétion of Heat into the fyltem'a in 
refpiration ? 

Is not the fudden coagulation of blood, ‘sing 
drawn from a living animal, and are not all the 
other rapid changes that take place in it, evident 
proofs of an unequal diftribution of Heat? And 
does not the vifco/ity of blood, as well as its perpe- 
tual motions in the vafcular fyftem, contribute 
very, powerfully to the prefervation of that ince 
quality ? 

Are not the livid fpots on the furface of, the 
body, which indicate a beginning of mortification, 
produced in confequence of a feparation, or pre- 
cipitation of the heterogeneous particles of the 

aal Fluids, according go their fpecific gravities 
individual temperatues, occafioned by reft, 
im interruption of circulation? And may we 
emphatically pronounce fuch Fluids to be 

a? 
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Would not any liquid in which Heat were 
equally diftributed be a fatal poifon if injected 
into the veins of a living animal? And would 
not this be the cafe even were the liquid fo in- 
jeéted a portion of the animal’s own blood, or of 
the lymph or any other of its component parts, 
and were it at the mean temperature precifely of 
the healthy Fluids circulating in the veins and arte- 
ties‘of the animal ? 

Is not glandular fecretion a true precipitation ? 
and is it not poffible that the formation of the 
folids, and the growth of an animal body, may be 
effeGted by a proccfs exaétly fimilar to conge- 
lation? And are there not even circumftances 
from which we might conclude, with a confider- 
able degree of probability, that moft of thefe con- 
gelations are formed at or about the temperature 
of boiling water? 

But I forbear to enlarge on this fubje€t. I find I 
have unawares entered a province, where, if I ad- 
vance farther, I fhall certainly be expofed to the 
danger of being confidered and treated as an in- 
truder; and I muft haften to make my retreat, 
which I fhall endeavour to effe& by abruptly 
putting an end to this Chapter. 
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CHAP. Ill. 


Probability that intenfe Heat frequently exifis, ®& the 
Solitary Particles of Fluids, which neither the 
Feeling nor the Thermometer can detelt.—The Eva- 
poration of Ice during the fevereft Frat explained 
on that Suppofition.—Probability that the Metals 
would evaporate when expofed to the Adtion of the 
Sun’s Rays were they not good Conduttors of Heat. 
—Mercury is adtually found to evaporate under 
the mean Temperature of the Atmofphere-—This 
Fad is a ftriking Proof that Fiuip Mercury 
is a Non-conduétor of Heat.—Probability that the 
Heat generated by the Rays of Light is always 
the fame in Intenfity ; and that thofe Effetts which 
have been attributed to Light ought perhaps in 
all Cafes to be afcribed to the Adtion of the Heat 
‘generated by them—A Striking Proof that’ the 
moft inienfe Heat does fometimes exift where we 
Should not expec? to find it.—Gold aétually melted 
by the Heat which exifts in the Air of the Atmo- 
Sphere, where there is no Appearance of Fire, or 
of any Thing red-hot.—We ought to be cautious 
in attributing to the AGion of unknown Powers, 
Effects fimilar to thofe produced by the Agency of 
Heat.—The moft intenfe Heat may exif? without 
leaving any vifible Traces of its Exiftence behind 
it.—This important Faé? illyfprated by the nece/- 
Sary Refult of-an imaginary Experiment. 


ow far the poflibility of the communication of 
Heat between the integrant particles of a Fluid 
BB2 may 
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may’ or may not be owing to the extreme mobi~ 
lity of thofe particles, and to the infinitely fhort 
time that two of them, of different {pecific gravi- 
ties, (owing to a difference of temperature) can 
remajn in conta, I leave others to determine ; in 
the mean time, it is moft certain that the exiftence 
of this impoffibility of any immediate communica- 
tion of Heat among the particles of a Fluid renders 
the diftribution of Heat very unequal; and it 
fees highly probable that many appearances 
which have been attributed to very different caufes, 
are in fact owing to inten/e Heat exifting and pro- 
ducing the effects proper to it in fituations where 
its exiftence has not even been fufpeéted. 

If Fluids are non-conduétors of Heat, no fitu- 
ation can poffibly be more favourable to its pre-* 
fervation than when it exifts in them; and it is 
nét only evident @ prisri that the moft intenfe 
Heat may exift in a few folitary particles of fome 
Fluids, without its being poffible for us to deteét 
it, or to difcover the fact, either by our feelirg or 
by the thermometer; but there are many apr 
pearances that ftrongly indicate,—and others that 
prove, that intenfe Heat actually does exift in that 
concealed or imperceptible ftate very often. 

There is no reafon to fuppofe that it is poffible 
for ice to be reduced to fteam without being pre- 
vioufly melted ; and it is well known that ice can- 
not be melted with a lower degree of Heat than 
that of 32° of Fahrenhcit’s {cale: ~but in the midft 
of winter, in the coldeft climates, and when the 
temperature of air of the atmofphere, as fhown by 

3 the 
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the thermometer, has been much below 30% § 
ice,.expofed to the air, has been found to evapo- 
rate. 

How can we account for this event, except it be 
by fuppofing that fome of the particles of air, ‘which 
accidentally (as we exprefs it) come into tact 
with the ice, are fo hot, as not only to melt the 
{mall particles of ice which they happen to touch, 
but alfo to reduce a part of the generated water to 
fteam, before it has time to freeze again; or. by 
fuppofing that this is effected by intenfe Heat gene- 
rated by light abforbed by {mall proje@ting points 
of the ice? As ice is a very bad conduétor of Heat, 
that circumftance renders it more likely that the 
event in queftion fhould aétually take place, in 
either of thefe ways. 

If the metals were very bad conductors of Heat, 
inftead of being very good conductors of it, I 
think it more than probable that even they would 
be found to evaporate, when expofed to the aétion 
of the dire& rays of the fun; and perhaps alfo in 
fituations in which fuch an event would appear ftill 
more extraordinary. 

Mercury has been attually found to evaporate 
under the mean temperature of the atmofphere |— 
What a ftriking proof is this that fluid mercury is a 
non-conduétor of Heat ;—and alfo, that very intenfe 
Heat may be generated, or exift, where it would 
not naturally be expected to be found. And does 
not the evaporation of water under the mean tem- 

BB3 perature 
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etatur@of the atmofphere afford another proof of 
thié*taft fact ? 

«That the moft intenfe Heat is often excited in 
ery, {mall particles of folid bodies difperfed about 
in the midft of maffes of cold liquids is not to be 
doubged. It is well known what an intenfe Heat 
the rays of the fun are capable of exciting ; and it 
feems to be highly probable that Heat actually ex- 
cited by them is always the fame—that is to fay— 
intenfe in the extreme : but when the rays are few, 
and’ when circumftances are not favourable to the 
accumulation of the Heat they generate, it is often fo 
foon difperfed, that it efcapes the cognizance of our 
fenfes, and of our inftruments; and fometimes 
leaves no vifible traces of its exiftence behind it. 

Why fhould we not fuppofe that the Heat gene-_ 
rated by a ray of light, which, entering a mafs of 
cold water, accidentally meets with an infinitely 
{mall particle of any folid and opaque fubftance 
which happens to be floating in the liquid, and is 
abforbed by it, is not juft as intenfe as that gene- 
rated in the focus of the moft powerful buming 
mirror, or lens? 

Mr. Senebier has given us an account of a great 
number of interefting Experiments on the effects 
produced on different bodies by expofure to the 
direét rays of the fun; but why may we not attri- 
bute all thofe effeéts to the intenfe /oca! Heat, gene- 
rated by the light abforbed by the infinitely fmall— 
‘and, if Imay ule the expreflion—in/udated particles 
- © of 


of the bodies which were fund to be affefted by 
it? 

The furface of wood of various kinds.was turned’ 
brown. ‘The fame appearances might be produced 
in a fhorter time by the rays which proceed frdm a 
red-hot jron, which change the furface of the wood 
to an imperfect coal. But were not the flfaces 
of the woods which were turned brown by the 
light of the fun in Mr. Senebier’s experiments 
changed to an imperfect caal?—And is it poffible 
for a Heat lefs intenfe than that of incande/cence. to 
produce that effect? 

Among the many faéts that might be adduced 
to prove that the moft intenfe Heat may, and fre- 
quently does exiff where we fhould ‘not expec to 
find it, the following appears to me to be very 

 ftriking and convincing. It is, I believe, generally 
imagined that the intenfity of the-Heat generated 
in the combuftion of fuel is much lefs in a fmall 
fire, than ina great one; but there is reafon to 
think that this is an erroneous opinion, founded on 
appearances that are not conclufive; at leaft it is 
certain that the intenfe Heat of a large finding 
furnace, fuch as is necefflary for melting the mot 
refractory metals, actually exifts in the feeble flame 
of the fmalleft candle :—and what may appear ftill 
more extraordinary,—this intenfe degree of Heat 
often exifts in the air of the atmolphére, where ne 
vifible figns of Heat appear, as 1 hall prefently 
thow. 

Iron is fully red-hot by day light at the tempera- 

ture of about iooo° of Fahrenheit’s feale ; brafs 
BB4 melts 
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melo, 3807°,—copper at 4587°,—filver at 
‘ gold at 5237°; and nothing is more 
c than that the Heat muft be’ at that intenfiry 
ich correfponds to the 5237th degree of Fahren- 
Sheit’s {cale, where gold is found to melt. But very 
fine gold, filver, or copper wire, flatted, (fuch as is 
ufed to.cover thread to make lace) melts inftanta- 
neoufly on being held in the flame of a candle, It 
will even be melted if it be held a few feconds over 
the flame of a candle, at the diftance of more than an 
inch from the top of the flame, in a place where there 
is no appearance of fire, or of any thing red-hot. 

Fr6m the important information which we ac- 
quire from the refult of thefe Experiments, we fee 
how much we ought to be on our guard in forming 
an opinion with refpect to the inten/ity of the Heat 
which may exif? in the invifible infulated particles of 
matter of any kind that may be fcattered about in 
a. given fpace,—or which may float in any Fluid, 
where neither our feeling nor our thermometers 
can pofflibly be fenfibly affected: by it. 

‘A thermometer can do no more than indicate the 
sean of the different temperatures of all thofe bodies or 
particles of matter which happen to come into contact 
with it. If it be fufpended in air, it will indicate the 
mean of the temperatures of thofe particles of air 
which happen to touch it; but it can never give us 
any information refpecting the re/ative temperatures 
of thofe particles of air. 

If, during the moft intenfe froft, a thermometer 
were fufpended in the neighbourhood of a burning 

candle,— 





ae 

candle,—in the fame roort for inftance,—if it’ 
placed ovér the candle, or nearly | fo; jough it fhoula 
be diftant from it feveral feet, as ait is‘a*nofiscon- 
duétor of Heat, there is ‘not the fimalleft doubtsbut 
that fome folitary particles of air heated bythe oes 
to the intenfe Heat of melting gold, would 3 

the thermometer; but neither the’ therm F, 
nor the hand held in the fame place, could giveany 
indication of fuch an event. 

As it appears froin all that has been faid that in- 
tenfe Heat may exif? even under the form of /énfible 
Heat, where its prefence cannot be difcovered ‘or 
deteéted by us; and as it feems highly probable 
that in many cafes, where its exiftence may efcape 
our obfervation, it may neverthelefs be capable of 
producing very vifible effets, I think we ought al- 
ways to be much on our guard in accounting for 
effects fimilar to thofe which are known to be pro- 
duced by Heat; and never, without very fufficient 
reafons, attribute them to the agency of any other, 
unknown power: and this cautigmappears to me to 
be peculiarly neceffary in eat hig for tliofe ‘ef. 
fects which have been found to be produced’ in Way, 
rious bodies when they are expofed to the action! 
the fun’s rays. 

If the folar rays concentrated in the focus ‘of 
lens, when they are made to fall on a piéce of 
wood, inftantly change its furface toa black colour, 
and reduce it to charcoal, why may we not ‘con- 
clude that the change of colour which is gradually 
or more flowly produced in the fame kirid of wood, 

when 
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when itis fimply expofed, in the fun-beams, is pro- 
duedin the fame manner? : 
\siEhe difference ia the times neceffary to produce 
fimilar. effeéts in thefe, two cafes is no proof that 
they are not produced in the fame manner ; for if 
they are effected merely by the agency of Heat, 
(which I fuppofe) then the effets produced in any 
given time will not be as the denfity of the light, 
or as the number of rays, but as that part of the 
Heat generated, which, not being immediately dif- 
perfed or carried off by the air, has time to pro- 
duce the aétion proper to it in the wood ; and.con- 
fequently mut be incomparably greater, in propor- 
tion, when the rays ate concentrated, than when 
they are not. ' 

Luna cornea expofed to the action of light 
changes colour ;—bat why fhould we net attribute” 
this‘ change to the expulfion of the oxygen united 
with the metal, by the agency of the Heat generated 
by'the light? To remove every poflible obje¢tion 
to this explanation of the phenomenon nothing 
more appears to be neceffary than to admit, what 
is well known, that this metallic oxyd may be re- 
duced, without addition, with jome degree of Heat, 
—and that this fubftance is a bad conductor of 
Heat. : 

Will not the admiffion of our hypothefis re- 
{peQing the intenfity of the Heat which is fuppofed 
to be generated where light is ftopped, and of that 
refpecting the non-conducting power of Fluids 
with, regard to Heat. enable us to account, in a 

manner 
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manner mote fatisfaCtory.than has hitherto beesi 
done, for ¢he effets of the fun’s light in bleaching 
linen, when it is expofed wet to the ~aétion of his 
direét rays? as alfo for the ‘Feduétion of thofe jre- 
tallic oxyds which have been found tobe revived 
by expofure to light ?—And widhit not alfo 
in accounting for the production of pure air inthe 
beautiful Experiment of Doétor Ingenhouz,’ in 
which the green leaves of living vegetables are ex- 
pofed, immerfed in water, to the fun’s rays? 

Mr. Senebier has fhows shat the colouring matter 
of healthy green leaves of vegetables, which is ex- 
tracted from them by fpirits of wine, and which 
tinges the fpirits of a beautiful green colour,’ is 
deftroyed, or rather changed to a dirty brown co- 
lour, in a few minutes, on expofing this tinéture 
in a tran{parent phial, and in conta? with pure air, 
to the direét rays of a bright fun :—but why fhould 
we not confider this procefs as a real combuftion ?. « 

‘The Heat acquired by the liquid,—which, asf 
have often perceived in repcating the Experiment, 
is very confiderable,—and the neceffity there is for 
the prefence of pure air, that the Experiment may 
fucceed, feem to indicate that fomething very like 
combuftion mutt take place in it. 

If liquids are non-conduétors of Heat, they ought 
certainly, on that account, to be peculiarly well cal- 
culated for confining, and confequently furthering 
the operations of that Heat which is generated by 
light, or by any other means, in their integrant par- 
ticles, or in the infinitely {mail and infulated par- 

ticles 


when itis Sols expofed, ake fun-beams, i is pro- 
in the fame manner? 

difference in the times neceflary to produce 
fila effets in thefe, two cafes is no proof that 
they are not produced in the fame manner ; for if 
they are effected merely by the agency of Heat, 
(which I fuppofe) then the effeéts produced in any 
given time will not be as the denfity of the light, 
or as the number of rays, but as that part of the 
Heat generated, which, not being immediately dif- 
perfed or carried off by the air, has time to pro- 
duce the aétion proper to it in the wood ; and con- 
fequently muft be incomparably greater, in propor- 
tion, when the rays are concentrated, than when 
they are not. 

Luna cornea expofed to the adion of ‘light 
changes colour ;—but why fhould we net attribute” 
this’ change to the expulfion of the oxygen united 
with the metal, by the agency of the Heat generated 
by'the light? To remove every poflible objection 
to this explanation of the phenomenon nothing 
more appears to be neceflary than to admit, what 
4s well known, that this metallic oxyd may be re- 
duced, without addition, with fome degree of Heat, 
—and that this fubftance is a bad conductor of 
Heat. 

Will. not the admiffion of our hypothefis re- 
Ipedting the intenfity of the Heat which is fuppofed 
to be generated where light is topped, and of that 
refpecting the .non-conducting power of Fluids 
with, regard to Heat, enable us to account, in a 

manner 





